Summary and Introduction
The U.S. Department of Energy (DOE) Fuels Technologies Program, under the DOE FreedomCAR and Vehicle Technologies Program, is charged with performing research to eliminate technical barriers to market penetration of renewable and synthetic fuels. One aspect of this program is to ensure that blends of petroleum-derived fuels and renewable fuels can be utilized without negative impact on engine durability. Materials compatibility is an important component of this research. The blending of renewable components, such as biodiesel or ethanol, into diesel fuel may impact the integrity and performance of various fuel system elastomers. The Southwest Research Institute conducted this work for the National Renewable Energy Laboratory (NREL) as part of a program to determine how ethanol and biodiesel affect these materials.
Six elastomers (N1059, N674, N0497, V747, and V884) commonly used in automotive applications were tested with the following fuels:
• Certification diesel fuel • Certification diesel fuel blended with 15% ethanol • Certification diesel fuel blended with 20% soy-derived biodiesel.
The elastomers were examined for thickness, diameter, and break load both before and after soaking in these fuels for 500 hours at 40°C. Additionally, a control set was exposed to dry air only for the same length of time.
The results indicate that all of these elastomers appear to be fully compatible with 20% biodiesel blends. Overall, for each elastomer type, the ethanol-containing fuel had the largest impact on elastomer properties after storage. Thus these elastomers may not be fully compatible in all applications with fuels containing 15% ethanol.
Test Details
The following fuels were included in the investigation: 1. Fuel designated CL02-576, which was a certification diesel fuel with 29.2%vol aromatics and 346 ppm sulfur. Appendix A features a certificate of analysis for this fuel. 2. Fuel CL02-577 was a blend of 15%vol ethanol and 85%vol certification diesel fuel (E15). The fuel-grade ethanol was supplied by NREL. 3. Fuel CL02-578 was a blend of 20%vol soy-biodiesel (B20) and 80%vol certification diesel fuel. The B-100 used for the blend was Soy Gold (AL-25842). 4. No fuel; a set of samples were exposed to air only and served as a baseline. Both the biodiesel and fuel-grade ethanol met applicable ASTM standards.
The test matrix of elastomers (all tested as O-rings) included:
• N674 general purpose nitrile rubber • N0497 high aceto-nitrile content rubber for better fuel resistance
• N1059 peroxide-cured nitrile rubber • V747 flourocarbon filled with carbon black • V884 flourocarbon without carbon black. These elastomers were chosen because they were the same used in a prior study of various fuel oxygenates [1] .
All elastomer tests were performed using four specimens, so any outliers could be removed based on statistics or engineering judgment. The elastomers stored in fuel were exposed for 500 hours at 40°C. The baseline samples were only exposed to ambient laboratory room temperature. The following measurements were made after storage on all samples:
• O-ring thickness
• Sample volume and tensile strength, calculated from the primary measurements.
Results
Appendix B includes raw data, data with outliers removed, calculated values, and plots. No individual sample results were dropped based on statistical considerations; however, the following three tests were removed based on engineering judgment because their break loads were unusually low:
• Sample 1 of N1059 in B20 (CL02-578)
• Sample 4 of V747 in E15 (CL02-577)
• Sample 2 of V884 in B20 (CL02-578).
It is interesting to note that no outliers were observed or rejected for elastomers soaked in the baseline diesel fuel.
Bar graphs with 95% confidence bands are presented for the following parameters in Appendix C:
The following statistically significant differences were observed within each elastomer type.
N1059 Peroxide-Cured Nitrile Rubber
The average break load and corresponding break stress were lowest when exposed to the ethanol-containing fuel. Compared to the baseline, break load was reduced by 32%. The results with baseline fuel, biodiesel, and air were not significantly different.
O-ring volume was the lowest for the samples stored in air, as well as for the samples stored in the fuels. With this elastomer, each fuel type produced the same level of swell (approximately 18% compared to the baseline).
N674 General Purpose Nitrile Rubber
The average break load and stress was the lowest for samples exposed to the ethanolcontaining fuel (37% less than baseline). Similar break load and stress values were observed with the base fuel and biodiesel. Samples exposed to air had the highest break load and stress.
O-ring volume was lowest for samples exposed to air. Samples exposed to base fuel and biodiesel had the same level of increased volume (approximately 14%-18%), while the samples exposed to the ethanol-containing fuel had the largest volume increased compared to the baseline (35%).
N0497 High Aceto-Nitrile Content Rubber
Trends similar to N674 were observed. Break load was 13% lower for ethanol-exposed samples, and volume increase was 11% compared to baseline. The results with baseline fuel, biodiesel, and air were not significantly different.
V747 Flourocarbon Filled with Carbon Black
The average break load and stress were substantially lower for the samples exposed to ethanol (32% compared to baseline). O-ring volume increase was highest with the ethanol-containing fuel (7%). The results with base fuel, biodiesel, and air were the same statistically.
V884 Flourocarbon without Carbon Black
Trends similar to V747 were observed. Compared to baseline, break load was reduced by 28%, and volume increase was 10% for the fuel containing ethanol. The results with baseline fuel, biodiesel, and air were not significantly different.
Conclusions
In general the samples exposed to only air exhibited higher break load than samples exposed to any of the fuels. Samples exposed to the ethanol-diesel blend exhibited a significant reduction in break load for all elastomers except N0497. Samples exposed to B20 did not exhibit significantly different break load from those exposed to the baseline fuel. These observations are mirrored in the calculated break stress. O-ring dimensions and volume typically increase for O-rings soaked in fuel relative to the air-exposed controls. The largest increase in dimensions and volume is observed for the ethanoldiesel blends. Elastomers exposed to B20 did not exhibit significantly different dimensions or volume from those exposed to the baseline diesel fuel.
The results indicate that all of these elastomers appear to be fully compatible with 20% biodiesel blends. Overall, for each elastomer type, the fuel containing ethanol had the largest impact on elastomer properties after storage. Thus these elastomers may not be fully compatible in all applications with fuels containing 15% ethanol. Elastomer Number
